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Phosphorous-doped Czochralski silicon wafers are hydrogenated with a plasma enhanced chemical vapor
deposition setup. Platelets are created during the H-plasma treatments. The hydride formation on the inner
surfaces of the platelets is investigated with depth-resolved micro-Raman spectroscopy. Several Si-H Raman
subpeaks at 2065, 2075, 2120, 2130, and 2140 cm−1 are found to be related to the different growth stages of
the platelets. The formation of the platelet starts with the �2Si-H�n structure without H2 molecules inside.
During the platelet growth H2 molecules are formed inside and the inner surfaces of the platelets become flatter
and less defective.
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I. INTRODUCTION

The observation of the platelet formation in hydrogenated
crystalline silicon �c-Si� can be traced back to the late 1980s,
when Johnson et al. found that the H-plasma treatment of c
-Si materials induced platelets, which were not related to the
plasma or radiation damage.1 A number of investigations
were then carried out to study the microscopic structure of
the platelets and the impact of some parameters such as sub-
strate temperature,2–5 post-hydrogenation annealing,6–9

disorder,10–12 doping type, and Fermi-level position1,13–15 on
the formation of the platelets in Si. However, most of these
investigations were done with remote H-plasma treatments,
which were more relevant to the plasma cleaning process
from an application point of view. On the other hand, hydro-
gen is also an important �even dominant in some cases� gas
in some plasma sources commercially used in semiconductor
industries, such as reactive ion etching and plasma enhanced
chemical vapor deposition �PECVD�. Little investigation has
been done on the platelet formation in c-Si material during
these treatments. In this study the hydrogenation was done
with a PECVD setup under conditions similar as for
a-Si:H or mc-Si:H deposition �with respect to substrate
temperature, plasma power, hydrogen gas flux, and chamber
pressure, etc.�.

Raman spectroscopy �RS� investigations show that the in-
ner surfaces of platelets are passivated by Si-H bonds; and
H2 molecules are formed in the open space of the
platelets.5,9,13,16–18 Si-H bonds formed on c-Si surfaces have
been extensively studied since the past decades with
optical19–30 and nuclear methods.31,32 Some of Si-H species
have been distinguished according to their specific vibration
frequency. For these investigations infrared �IR� spectros-
copy is the main tool. It is found that not only different
indices, n, in SiHn, but also different configurations of the
neighboring Si-H bonds, will result in different Si-H vibra-
tion frequencies.24,26,30 On the other hand, RS is more effi-
cient to detect H2 molecules, which can be considered as the
fingerprint for platelets. Therefore the combination of Si-H
bond and H2 molecule Raman spectra can identify those Si
-H species located at the inner surfaces of the platelets. Ac-

cording to the local vibration modes of the Si-H bonds, the
microscopic structure of the platelets can be subsequently
deduced. In our previous investigations we have studied two
Raman subpeaks at 2105 and 2110 cm−1, which were as-
signed to the dihydride �SiH2� at the inner surfaces of the
platelets.8,9,18 In this study we extend the above investiga-
tions to other Si-H subpeaks at 2065, 2075, 2120, 2130, and
2140 cm−1, which all are located inside the platelets but stem
from different hydride species.

II. EXPERIMENT

The investigations were carried out on phosphorous-
doped �100�-oriented Czochralski Si wafers with a thickness
of �400 �m, a diameter of 3 in. and a resistivity of
9–11 � cm. H-plasma treatments were done in a PECVD
setup at a frequency of 13.56 MHz, a power of 10 W, a
substrate temperature of 260 °C, a hydrogen flux of
200 sccm, a pressure of 2000 mTorr, and for various dura-
tions. The samples treated for 5, 10, 20, and 60 min were
labeled with S1, S2, S3, and S4, respectively. The wafer was
directly attached facedown on the top electrode. The wafer
and both electrodes were horizontally mounted inside the
chamber. The distance between two electrodes was about
1.5 cm. The maximum dimension of the sample was
10�10 cm2. After H-plasma treatment, the samples were cut
into 1�1 cm2 pieces, then annealed on a hot stage and/or
mechanically beveled with a small angle �about 0.5°�. We
found that no Si-H bonds or H2 molecules were formed
during the beveling process.

Micro-RS was carried out on the beveled surfaces of the
samples so that the Raman spectra of different sample depths
could be obtained. The method of depth-resolved �RS has
been successfully demonstrated elsewhere.18 Its main advan-
tage was that the depth profiles of various Si-H or H2 spe-
cies could be distinguished easily due to their different Ra-
man shifts. The excitation of the RS was supplied by an Ar+

ion laser �488 nm, 40 mW�. The spectra were collected at
room temperature by a Peltier cooled CCD detector. The
spectral range was from 200 to 4600 cm−1, with a resolution
limited to �1 cm−1. The spectra were normalized with the
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c-Si optical phonon line ��520 cm−1�. A LEO 982 scanning
electron microscope �SEM� was employed on the beveled
surfaces of the samples to observe the platelets. The applied
voltage was 1 keV, and the work distance was about 3 mm.

III. RESULTS

Shown in Figs. 1�a�–1�c� are the SEM images of the
platelets lying at a depth of about 0.3 �m in S2 �10 min
H-plasma treatment�, S3 �20 min�, and S4 �60 min�, respec-
tively. Although RS measurements show that platelets are
already formed in S1 �5 min�, no platelets are detectable
with the SEM, i.e., the diameter of the platelets in this
sample should be similar to or less than the order of �10 nm
�determined by the SEM resolution�. As shown in Fig. 1, it is
evident that the diameter of the platelets increases with the
H-plasma duration, i.e., in the average from about
150 to 400 nm when the H-plasma duration increases from
10 to 60 min. With higher H-plasma power �50 W� and
longer H-plasma duration �12 hour�, the average diameter of
the platelets is even as big as 3.5 �m �SEM images not
shown�. Note that the platelets created with PECVD setup
are about one order of magnitude larger than those created
with remote H-plasma treatment.1,3,11 However, the platelets
formed with both treatments have common features, such as
the formation by supersaturation of hydrogen atoms in c-Si,
the quasi-two-dimensional structure, and the formation of
Si-H bonds and H2 molecules inside. Cross-section trans-
mission electron microscopy observation confirmed the com-
parison of the average size of the platelets created by differ-
ent hydrogenation methods.18,33 We attribute this
phenomenon to a much higher efficiency when introducing
hydrogen into c-Si with PECVD rather than with remote
H-plasma treatment.

Figure 2 shows the Raman spectra measured on the origi-
nal surfaces �i.e., without beveling� of S1, S2, S3, and S4. It
is well known that the broad peak extending from
2050 to 2150 cm−1 reflects the stretch modes of Si-H bonds,
and another one extending from 4100 to 4200 cm−1 reflects
the stretch modes of H2 molecules which are located inside
the platelets. Multiple subpeaks appear in the Raman spectra
due to the existence of various Si-H bond or H2 molecule
species. Some subpeaks are indicated with dotted lines,
dashed lines, or dashed-dotted-dashed lines.

We start with a general view on these spectra. Obviously,
the number of the Si-H subpeaks �i.e., Si-H species� gradu-
ally decreases with increasing H-plasma duration. For in-
stance, six subpeaks at 2065, 2075, 2095, 2105, 2120, and

2130 cm−1 are observed on S1 �spectrum �i��, while only
four subpeaks at 2065, 2075, 2095, and 2105 cm−1 remain on
S4 �spectrum �iv��. A detailed identification of the Si-H sub-
peaks will be presented somewhat below. Generally speak-
ing, a subpeak with higher frequency indicates that it origi-
nates from SiHn species with higher index n. Additionally, it
has been reported that the stretch frequency of Si-H bonds
located on the surface defects �such as steps and kinks� will
shift to higher values due to the steric interaction.24,26 There-
fore, the gradual disappearance of those subpeaks at higher
frequencies with increasing plasma duration indicates that
the surfaces, where the Si-H bonds are located, become flat-
ter and contain fewer defects.

Together with the Si-H bonds, H2 molecules are also ob-
served in all samples with RS. Their subpeaks are located at
about 4125, 4150, and 4160 cm−1. We have ascribed the two
H2 subpeaks at 4150 and 4160 cm−1 to the ortho-H2 mol-
ecules �with parallel nuclear spins� and to the para-H2 mol-
ecules �with antiparallel nuclear spins�, respectively.18,33 In-
terestingly, most investigations carried out on the remote
plasma hydrogenated c-Si samples only show a broad single
peak instead of a clear ortho-para splitting �see, for instance,
Refs. 13 and 34�. This can be well explained by the effect of
the platelet size, i.e., the open space where the H2 molecules
are trapped. Evidently, when the size is smaller, the influence
of the surrounding Si atoms or Si-H bonds on the H2 vibra-
tion is stronger, resulting in a larger broadness of the H2
vibration spectra and therefore, an enhanced ortho-para over-
lap. The platelets created by remote plasma treatments are
much smaller than those created by PECVD plasma treat-
ments, so that the H2 Raman subpeaks in the former case
cannot be clearly distinguished. This assumption is also con-
firmed by the present results. For S1 �i.e., platelets with di-
ameters in the order of �10 nm�, only a single H2 peak is
observed. For S2 �diameters of platelets around 150 nm�, a
shoulder at 4160 cm−1 appears. While for S4 �diameters of
platelets around 400 nm�, the subpeaks of the ortho- and
para-H2 are clearly distinguished. Another subpeak at

FIG. 1. SEM images of platelets observed on the beveled sur-
face of the samples hydrogenated for �a� 10 min, S2, �b� 20 min,
S3, and �c� 60 min, S4. The magnification is 50 000.

FIG. 2. Raman spectra measured on the original surfaces �i.e.,
without beveling� of �i� S1, �ii� S2, �iii� S3, and �iv� S4. The inset
shows that the areas enveloped by the Si-H and H2 peak depend on
the plasma duration.
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4125 cm−1 has been previously discussed by Fukata et al.16

and Leitch et al.13 However, its origin is still not clear and
remains open to further investigations.

The area enveloped by each subpeak is a measure of the
concentration of the corresponding Si-H bond or H2 species.
Consequently the total area enveloped by the whole peak
represents the overall concentration of all species of Si-H
bonds or H2 molecules. Shown in the inset of Fig. 2 are both
concentrations of all Si-H bonds and all H2 molecules de-
pending on the H-plasma duration. We find that they do not
evidently change with the H-plasma duration. However, their
subpeaks are varied with the H-plasma duration, as discussed
above, implying that the evolutions of the different Si-H
bond or H2 molecule species with H-plasma duration are
different.

The concentrations of the Si-H bonds and H2 molecules
measured at the sample surface with RS do not evidently
increase with the plasma duration, probably due to the hy-
drogen in-diffusion during the H-plasma treatment. There-
fore, depth-resolved RS is employed. Figure 3 shows some
depth dependent Raman spectra measured on S1, S2, and S4.
It is found that the depth distributions of different Si-H spe-
cies are different. The subpeak at 2095 cm−1 only exists at
depth down to �0.2 �m, consistent with the assignment that
it stems from the Si-H bonds located at a thin surface layer
which is disturbed by the H-plasma.8,18 The other individual

subpeaks will be discussed somewhat below in detail.
Figures 4�a� and 4�b� show the depth profiles of the con-

centrations of all the Si-H bonds and all H2 molecules, re-
spectively, measured on S1, S2, and S4. It is obvious that the
distribution of the Si-H bonds extends to somewhat deeper
wafer regions when the H-plasma duration is longer, i.e.,
from �0.6 �m to �1.0 �m, confirming the hydrogen in-
diffusion during the H-plasma process. However, the depth is
not proportional to the H-plasma treatment duration. Further-
more, Fig. 4�b� shows that the H2 molecules are observed
down to a depth of �0.5 �m in all samples, but the concen-
tration of the H2 molecules in S4 is evidently higher than the
one in S1 and S2 in the local region between 0.1 to 0.3 �m
depth. This result indicates that once the platelets are formed
in the subsurface region, they act as trapping centers for the
hydrogen atoms, so that the growth of platelets is suppressed
in deeper sample regions due to the lack of hydrogen. Re-
cently, we have also found that the trapping of hydrogen by
platelets results in a decrease of the apparent hydrogen
diffusivity.35

IV. DISCUSSION

As mentioned in the Introduction, H2 molecules are
formed in the open space of the platelets. The dangling
bonds of the inner surfaces of the platelets are passivated by
hydrogen atoms, since the formation of Si-H bonds is ener-
getically more favorable than the formation of H2 molecules.
We find that the Si-H bond species on the inner surfaces of
the platelets depends on the growth stage of the platelets �see
below�. In this section, we will determine those subpeaks
which stem from the Si-H bonds located on the inner sur-
faces of the platelets, via a combined analysis of the Si-H
and H2 Raman spectra. After that, we can deduce the species
of the Si-H bonds and even the morphology of the inner
surfaces, since both of them will result in specific Si-H vi-
bration frequency. A detailed discussion will follow.

Subpeak at 2065 and 2075 cm−1

As shown in Fig. 1, the subpeaks at 2065 and 2075 cm−1

are observed in the Raman spectra measured on the surfaces

FIG. 3. Depth dependent Raman spectra measured on S1, S2,
and S4. Note the different scales for the Si-H and H2 spectra.

FIG. 4. Depth profile of the intensities of the �a� Si-H bonds and
�b� H2 molecules measured on S1, S2, and S4.

HYDRIDE FORMATION ON THE PLATELET INNER… PHYSICAL REVIEW B 72, 085321 �2005�

085321-3



of all hydrogenated samples. It is found that the intensities of
these two subpeaks are almost independent on the duration
of the H-plasma treatments. Furthermore, depth-resolved RS
shows that the two subpeaks exist not only on the surface,
but also in quite deep wafer regions. For example, both sub-
peaks appear at the depth of 0.7 and 0.9 �m in S4, as indi-
cated in Fig. 3�xi� and �xii�, respectively. It is found that both
subpeaks are not associated with H2 molecules. For instance,
Fig. 3�xii� significantly exhibits the two subpeaks, while no
H2 peak can be observed. Furthermore, Figs. 3�iii� and 3�v�
clearly show that both of them are discernable individual
subpeaks, rather than a tail of subpeaks with higher frequen-
cies. The evolutions of both subpeaks under thermal anneal-
ing are also investigated. The results are shown in Fig. 5. It is
found that the subpeaks at 2065 and 2075 cm−1 are less
stable than other Si-H subpeaks. They disappear upon an-
nealing at 350 °C for 20 min.

We first discuss the origin of the subpeak at 2065 cm−1.
The vibration frequencies of the multivacancy-H complexes
fall into the spectrum regime which is close to this subpeak.
Johannesen et al. observed two IR absorption peaks at
2068.1 and 2073.2 cm−1 on the hydrogen implanted c-Si
sample at a measurement temperature of 10 K. They as-
signed to the peaks to the V2H �2068.1 cm−1� and V3H or
V4H �2073.2 cm−1�.36 Recently, Shinohara et al. observed an
IR peak at 2060 cm−1 on a remote H-plasma treated c-Si
sample, and they attributed it to the hydrogen terminated
vacancies.37 In a previous investigation we assigned a Ra-
man subpeak at �2070 cm−1, which was measured on the
PEVCD hydrogenated c-Si samples, to the monovacancy-
hydrogen �VH� complex, since it was found that this subpeak
had a similar thermal stability as that of VH.8 However, the
above assignment of the subpeak at �2065 cm−1 observed
on the plasma hydrogenated c-Si samples to the V-H com-
plexes is quite doubtful, since vacancies cannot be signifi-
cantly created either with remote H-plasma or PECVD treat-
ment. We find that the self-bias voltage, which can be
considered as the maximum energy that the ions could gain,
is less than 10 V during the H-plasma treatment with our

employed PECVD setup. This is much lower than the thresh-
old energy for the creation of a Si Frenkel pair by both H+

��110 eV� and H2
+ ��60 eV� ions.38 Furthermore, the exis-

tence of this subpeak in a quite deep wafer region �0.5 �m in
Fig. 3�v�, 0.9 �m in Fig. 3�xii�� will definitely rule out its
assignment to any V-H complex �a projected range of
0.9 �m requires a hydrogen energy of approximately
90 keV�.

Weldon et al.30 have reported that after bonding of two
atomically flat, ideally hydrogen terminated Si�111� wafers
prepared by wet-etching, an IR absorption peak at 2065 cm−1

is observed. Thus they attributed this peak to the disturbed
mode of the monohydride �SiH� on the Si�111� surface. Ab
initio calculations showed that the two bonded Si�111� sur-
faces could come sufficiently close to each other due to the
influence of the van der Waals attraction, and that the inter-
action between opposite hydrogen atoms would reduce the
vibration frequency of the undisturbed mode at 2083.5 cm−1

to the measured one at 2063 cm−1.30 This result becomes an
intriguing solution for the subpeak at 2065 cm−1 observed in
our plasma hydrogenated c-Si samples, if we take into ac-
count the formation of the platelets.

There have been a number of theoretical attempts to pre-
dict the microscopic structure of platelets.39–42 Among those,
Deák et al.39 suggested that pairs of hydrogen atoms saturat-
ing broken bonds between adjacent planes are the most
stable arrangement; this structure is known as the �2Si-H�n

structure. This scenario will fit our results excellently, if the
�111� platelets formed in the plasma hydrogenated c-Si have
the structure as proposed by Deák et al. The inner surfaces of
the platelets are passivated by the SiH, and separated by
several Å. As was theoretically and experimentally investi-
gated by Weldon et al.,30 the frequency of the SiH is shifted
to the lower value of �2065 cm−1 due to the interaction of
opposite hydrogen atoms. This frequency is just the one
which was observed by Shinohara et al.37 and by us with IR
and RS analysis, respectively, on the plasma hydrogenated
c-Si samples. Furthermore, according to the �2Si-H�n struc-
ture, no H2 molecules are trapped inside, in agreement with
our observation that the subpeak at 2065 cm−1 is not associ-
ated with H2 molecules.

Kim et al. calculated that a pure �2Si-H�n structure is a
metastable configuration.41 With further plasma treatment or
thermal annealing hydrogen could be trapped inside, and H2
molecules were formed, i.e., the pure �2Si-H�n structure
would be transformed to �2Si-H�n+H2 structure or even to
larger defects.41 This is consistent with our observations that
the subpeaks at 2065 and 2075 cm−1 are less stable than
other subpeaks �see Fig. 5�. The metastability of the pure
�2Si-H�n structure implies that its concentration has an upper
limit, in agreement with our experimental result that the in-
tensity of the subpeak at 2065 cm−1 does not depend on the
H-plasma duration �see Fig. 1�.

A slight increase of the distance between the inner sur-
faces of the �2Si-H�n structure will result in a weakening of
the interaction between opposite hydrogen atoms, i.e., the
vibration frequencies of the SiH will increase and finally
return to the value of its relaxed state at 2083 cm−1 when the
distance is larger than �8 Å.30 Hence, we suggest that the

FIG. 5. Raman spectra measured on the as-plasma treated and
annealed S1. The annealing was done for 20 min at various tem-
peratures between 350 °C to 600 °C.
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subpeak at 2075 cm−1 stems from those �2Si-H�n structures
with medium distances between two inner surfaces. Indeed,
in Figs. 2 and 3 this subpeak is more like a wide band,
indicating a variation of the distances between the inner sur-
faces.

It is hard to believe that the subpeak at 2065 cm−1 stems
from the H2

* defects �the H2
* defect is defined as a pair of

HAB -HBC, where HAB and HBC represent hydrogen atom lo-
cated at the antibond center and bond center site, respec-
tively�. This is because this defect exhibits two IR peaks at
1832 and 2053 cm−1 �at room temperature�, which originate
from HAB -Si and HBC -Si, respectively.43 However we do not
find any Raman peak near 1832 cm−1 at all �IR and Raman
have identical active modes for the H2

* defect, which belongs
to C3v point group�.44–46

Subpeak at 2130 and 2140 cm−1

As shown in Fig. 2�i�, the subpeak at 2130 cm−1 appears
as a pronounced shoulder in the Raman spectrum measured
on the surface of S1. This subpeak is not observed on the
surfaces of other three samples treated with longer plasma
durations. In a certain depth region of S1 �say, at about 0.2
and 0.3 �m, as shown in Figs. 3�ii� and 3�iii� respectively�,
this subpeak becomes dominant. This subpeak also evidently
exists in the regions between 0.4–0.7 �m of S2 �see Figs.
3�ix� and 3�x��. Furthermore, Fig. 3�x� shows only one sub-
peak at 2130 cm−1. Simultaneously the H2 peak is also ob-
served, indicating that the subpeak at 2130 cm−1 stems from
the inner surfaces of the platelets, which contain H2 mol-
ecules. As shown in Fig. 3�iv�, we observe the H2 peak, as
well as three Si-H subpeaks at 2065, 2075, and 2140 cm−1.
In the above discussion we have pointed out that the former
two subpeaks are not associated with H2 molecules, so we
can conclude that the subpeak at 2140 cm−1 stems from the
inner surfaces of platelets, which contain H2 molecules.
Since the two subpeaks at 2130 and 2140 cm−1 are observed
either on the surfaces of the samples treated with a short time
H-plasma exposure, or on the samples with longer H-plasma
exposure but in deeper sample regions, we suggest that they
stem from those Si-H bonds located on the inner surfaces of
the platelets formed in an early stage.

Now we discuss the Si-H species related to the two sub-
peaks. Chabel et al.24 observed an IR peak at 2139 cm−1 on
the HF etched both flat and stepped Si�111� surfaces, and
assigned this IR peak to the asymmetric stretch mode of the
trihydride �SiH3�. Based on the ab initio cluster calculation,
they found that the symmetric stretch mode of SiH3 would be
about 10 cm−1 lower than asymmetric mode, i.e., at about
�2130 cm−1. Jansson et al.47 found an IR peak at 2143 cm−1

on the Si�111� surface after high UHV �ultrahigh vacuum�
hydrogen exposure, and also assigned it to SiH3 formed on
the sample surface. Stein et al.48 observed an IR peak at
2142 cm−1 on the H-plasma exposed c-Si samples and fol-
lowed the above assignment.

However, Jakob et al.26 proposed alternative assignments.
They considered the steric interaction between hydrogen at-
oms in a stepped structure, which was formed by a 9° miscut
off the �111� plane in the �-1-12� direction. The authors cal-

culated the steric interaction between the hydrogen atoms of
the lower Si-H bond of the vertical SiH2, and of the SiH
located directly below the step on the lower terrace. It was
found that due to this steric interaction the stretch frequen-
cies of both involved SiH and SiH2 were higher than typical
SiH and SiH2 frequencies. Explicitly, they assigned the mea-
sured IR peak at 2134.7 cm−1 to the stretch mode of the
lower Si-H bond of the vertical SiH2. Watanabe29 followed
this explanation. He attributed an IR peak at 2139.9 cm−1,
which was measured on the HF etched Si�110� surface, to the
strained vertical SiH2.

The above discussion shows that some controversy still
exists on the definite assignment of the subpeaks around
2130 and 2140 cm−1. Following the above studies, we assign
the Raman subpeaks at 2130 and 2140 cm−1 either to the
vertical SiH2 on the steps or to the SiH3. They are located on
the inner surfaces of the platelets formed in an early stage,
which contain H2 molecules. Obviously, the presence of the
vertical SiH2 or SiH3 species indicates that the inner surfaces
of those platelets are quite rough. The fairly large width of
the subpeak at 2130 and 2140 cm−1 is a further hint for this
conclusion.

Subpeak at 2105 and 2120 cm−1

In a previous study,9 we assigned a Raman subpeak at
2105 cm−1 to the dihydride �SiH2� at the inner surfaces of
the platelets formed in plasma hydrogenated c-Si samples. It
was found that this subpeak became dominant in the hydro-
genated samples upon annealing at 450 °C for 90 min, rep-
resenting the most stable hydride species formed at the inner
surfaces of the platelets. Therefore, the appearance of this
subpeak means that a quite large and stable platelet has
formed at the final stage. In this study the subpeak at
2105 cm−1 exists only as a weak shoulder both on the as-
plasma treated or annealed samples �see Figs. 2 and 5�, pos-
sibly because the plasma power on these samples �10 W� is
much lower than the one on the previous samples �50 W� so
that the formed platelets are also smaller.

As shown in Fig. 2, the subpeak at �2120 cm−1 is weakly
present as a shoulder in spectrum �i� �i.e., S1�, and remark-
ably on spectrum �ii� �i.e., S2�. However, this subpeak does
not appear on the surfaces of the samples hydrogenated with
longer durations. In case of depth-dependent Raman spectra
�Fig. 3�, this subpeak becomes a predominant subpeak on
spectrum �viii�, which is measured at a depth of 0.2 �m of
S2. Furthermore, as shown in Fig. 5, it becomes the domi-
nant subpeak upon annealing at elevated temperatures. The
H2 subpeak is also observed in Figs. 5�i�–5�v�. As a conse-
quence, we conclude that the Si-H species related to the
subpeak at 2120 cm−1 is located on the inner surfaces of the
platelets formed at an intermediate stage. The platelets con-
tain H2 molecules. Its assignment is somewhat less contro-
versial than other subpeaks. Chabel et al. observed an IR
peak at 2117 cm−1 on both wet HF etched24 and water
exposed19 c-Si samples, and they assigned it to the SiH2. On
the UHV hydrogen exposed Si�111� surface, Jansson et al.
observed an IR peak at 2119 cm−1, and they attributed it to
the SiH2 stretch mode.47 Hence, we assign the subpeak at
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2120 cm−1 to the SiH2, which is located on the inner surfaces
of platelets formed at an intermediate stage. In addition, Fig.
5 reveals that under annealing the subpeak at 2095 cm−1 dis-
appears at lower temperatures as compared to the subpeak at
2120 cm−1, in agreement with the conclusion that the Si-H
bonds at the H-plasma disturbed thin surface layer are less
stable than those at the inner surfaces of the platelets.9

V. CONCLUSION

The hydride formation on the inner surfaces of the plate-
lets in PECVD plasma hydrogenated c-Si materials is inves-
tigated with RS. Several Si-H Raman subpeaks at 2065,
2075, 2105, 2120, 2130, and 2140 cm−1 are found to be re-
lated to the different growth stages of the platelets. Based on
the results and discussion, we suggest that the �2Si-H�n

structure is the initial nucleus for the �111	 platelet forma-
tion. The stretch frequency of SiH located on the inner sur-

faces of this structure is significantly lower than the one of
normal SiH, because of the interaction between the opposite
hydrogen atoms. No H2 molecules are formed inside this
structure. This structure is a metastable configuration. With
longer H-plasma treatments or thermal annealing they grow
to platelets with H2 molecules formed inside. At this stage
the inner surfaces of the platelets are quite rough, character-
ized by the vertical SiH2 or SiH3 formation. When more H
atoms are trapped inside either by further H-plasma treat-
ments or thermal annealing, the inner surfaces of the platelets
become flatter and less defective, represented by the normal
SiH2 formation.
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